(e.g. North America: Mayden, 1988; Near & Keck, 2005; Kozak, Blaine, & Larsen, 2006; South America: Zemlak et al., 2008; Africa: Goodier, Cotterill, O'Ryan, Skelton, & Wit, 2011; Schwarzer, Misof, Ifuta, & Schliewen, 2011) , and appear particularly influential in tectonically dynamic settings such as New Zealand (Burridge, Craw, Fletcher, & Waters, 2008; Burridge, Craw, & Waters, 2006 Craw, Burridge, Norris, & Waters, 2008; Craw et al., 2016; Waters, Craw, Burridge, & Wallis, 2015; Waters, Craw, Youngson, & Wallis, 2001; Waters et al., 2007) . In regions of relative tectonic stability, such as Australia, drainage rearrangements isolating lineages of freshwater biota have similarly been inferred (e.g. Waters, Lintermans, & White, 1994 , Hurwood & Hughes, 1998 , but are less likely to have been the product of tectonic processes, instead reflecting small-scale erosion-driven headwater captures between inland and coastal systems (Hurwood & Hughes, 2005; McDowall, 1996; Unmack, 2001) . While areas of ancient tectonic activity in Australia exist, Unmack (2013) noted the difficulty relating these ancient events directly to modern freshwater biogeography, but also acknowledged that even small tectonic movements could potentially substantially influence drainage patterns given Australia's low-relief setting.
South-eastern Australia is dominated by a single major river system-the Murray-Darling Basin (MDB)-representing the largest drainage on the continent that presently drains into the sea (Figure 1) .
This system is more than 3,300 km in length, and drains more than 1 million square kilometres (14%) of the Australian mainland. As Australia represents a relatively inactive tectonic setting, scientists have often considered its river drainages to have relatively ancient, stable histories (Unmack, 2001; see McLaren et al., 2011) , and this inactivity is perhaps reflected by comparatively low freshwater fish diversity (McDowall, 1996; Unmack, 2001) . However, the findings of recent geological (Holdgate, Wallace, Gallagher, Wagstaff, & Moore, 2008; McLaren et al., 2011; McLaren, Wallace, & Reynolds, 2012) and genetic analyses (see below) lead us (and others) to question this assumption of stability. In particular, McLaren et al. (2011) proposed an ancestral (Miocene-Pliocene) southward course of the MDB drainage through the Douglas Depression (Figures 1 and 2a ), a hypothesis conflicting with previous geological reconstructions that had inferred long-term stability of drainage geometry (e.g. Hills, 1975) . Here, we synthesize recently published biological, geological and genetic data to assess links between drainage history and biological evolution. Specifically, we present the first attempt to tie recent freshwater phylogeographic data to emerging geological interpretations.
| G EOLOG IC AL E VOLUTION

| Geological setting
The middle to lower reaches of the Murray-Darling Basin (MDB) are dominated by plains that are underlain by flat-lying Miocene-Holocene sediments (Figure 2; Brown & Stephenson, 1991) . The basin sediments are bounded by higher relief basement rocks of the Mount Lofty Ranges of South Australia and the Western Highlands of Victoria ( Figure 2 ). The Miocene sediments in the basin are predominantly marine, reflecting high relative sea levels, and these sediments are overlain by a regressive sequence of marginal marine, lacustrine, and low-energy fluvial deposits (Brown & Stephenson, 1991; McLaren et al., 2011) .
The very low relief of the plains was disrupted in the late Pliocene-Early Pleistocene by uplift of the Padthaway High, a broad warp 100-200 m high that extends northwest from the Western Highlands (Figure 2 ; Wallace, Dickinson, Moore, & Sandiford, 2005) . This uplift accompanied eruption of basaltic volcanoes on the southern margin of the Western Highlands ( Figure 2 ; Singleton, McDougall, & Mallett, 1976) . The tectonic uplift was probably caused by lithosphere-scale buckling related to distant (1,000's of km) plate boundary deformation (Quigley, Clark, & Sandiford, 2010; Sandiford, Quigley, Broekert, & Jakica, 2009 ). More local deformation, at the scale of individual faults, accompanied the broad warping, with several faults still active (Quigley et al., 2010) . Some of these faults, predominantly northstriking, occur near to the eastern and western margins of the uplifted plains (McLaren et al., 2011; Quigley et al., 2010) . Stephenson, 1986) . Increasing evaporation from the expanding lake and increasing aridity may have also contributed to the reduction in erosive power (McLaren et al., 2011 (McLaren et al., , 2012 
| Drainage re-arrangement
| SOUTHE A S T AUS TR ALIAN FRE S HWATER PHYLOG EOG EOG R APHY
| River blackfish complex
The widespread Australian endemic freshwater blackfish (Gadopsis) species complex comprises substantial cryptic diversity, including several newly recognized candidate taxa (Hammer et al., 2014; Miller, Waggy, Ryan, & Austin, 2004; Ovenden, White, & Sanger, 1988; Sanger, 1986; Unmack et al., 2017; Waters et al., 1994) . All global genetic studies of the group to date have detected a major this NGW-NMD split to 1.5-7.1 million years ago (mya). As similar haplotypes are shared between the Glenelg and Wimmera, these likely reflect more recent connections between these systems.
Furthermore, the isolation of the Glenelg from the MDB was not necessarily coincident with that of the Wimmera.
| Mountain galaxias complex
The endemic Galaxias olidus complex (McDowall & Frankenberg, 1981) occurs widely through south-eastern Australia (Figure 3c ). This diverse freshwater fish assemblage is now recognized as comprising at least 15 distinct species (Adams, Raadik, Burridge, & Georges, 2014; Raadik, 2014) . While a number of species within the complex have relatively restricted headwater distributions, two are particularly widespread: G. olidus sensu stricto has a vast range extending throughout the Murray-Darling system, from South Australia to Victoria, New South Wales and Queensland Raadik, 2014) ; whereas G. oliros has a distribution primarily centred F I G U R E 2 Summary topographic (a) and drainage evolution (b) maps of the middle-lower Murray-Darling Basin (locations in Figure 1) , showing the order of events (in legend in b) between Miocene and present that affected the drainage geometry (after Singleton et al., 1976; Stephenson, 1986; McLaren et al., 2011 McLaren et al., , 2012 
| Freshwater crayfish
The Australian freshwater "yabby" Cherax destructor complex comprises two recognized subspecies (sometimes considered to represent full species ; Sokol, 1988) . Cherax destructor destructor has a vast distribution throughout the 
| Additional freshwater clades restricted to western Victoria
As noted above, SWV does not contain a rich freshwater-limited fauna (Hammer et al., 2014 
| D ISCUSS I ON
Geological data alone provide strong evidence suggesting a former pathway for the MDB through the Douglas Depression in southwest Victoria (Figure 2a, McLaren et al., 2011) . Notably, the clear physical evidence for the former extent and duration of palaeolake Bungunnia provides a clear spatial and temporal signature of a major drainage rearrangement event. Previous studies elsewhere have similarly proposed lakes as key transitional features of incipient drainage rearrangements (e.g. Lake Wairau, proposed in Burridge, Craw, & Waters, 2006) . The relatively recent formation of the lower Murray Gorge represents additional evidence for a drainage rearrangement, consistent with the physical signatures of similar events elsewhere (e.g. Waters et al., 2001; Craw et al., 2007) .
Biological evidence from genetic analyses of freshwater-limited taxa Gadopsis, Galaxias and Cherax provides strong support for a former connection between Glenelg-Wimmera and the MDB, supporting the hypothesis of McLaren et al. (2011 McLaren et al. ( , 2012 . Phylogeographic analyses of Gadopsis (Hammer et al., 2014; Ovenden et al., 1988) and Cherax (Nguyen et al., 2004) are particularly clear in supporting a sister relationship between lineages occupying these systems. The sister relationship of (predominantly SWV) Galaxias oliros relative to (predominantly MDB) G. olidus and its sister taxa further highlights the divergence that has occurred between these regional lineages. In our view, the fact that the MDB versus SWV comparison represents the deepest phylogeographic split within each of these clades represents compelling evidence for an ancient drainage isolation event. Overall, this broad phylogeographic association between Glenelg-Wimmera and MDB lineages strongly supports McLaren et al.'s (2011 McLaren et al.'s ( , 2012 suggestion that the formation of Lake Bungunnia and subsequent development of the present drainage geometry was driven by disruption of the former Douglas Depression path of the lower Murray-Darling River (i.e. through tectonic uplift of the Padthaway High; Figure 2 ).
Molecular divergences within Gadopsis (Hammer et al., 2014) ,
Galaxias and Cherax (Nguyen et al., 2004) are broadly consistent with late Pliocene divergence (e.g. via the formation of Lake Bungunnia (Figure 2) , which disrupted riverine connections between the MDB and Glenelg-Wimmera (Figures 2 and   3 Waters, López, & Wallis, 2000) , perhaps equivalent to the corresponding divergence times for Gadopsis and Galaxias.
Previous research on links between galaxiid fish phylogeography and geologically constrained freshwater isolation events in New
Zealand provides a robust context for assessing rates of genetic change Craw et al., 2008; Figures 4 and 5 F I G U R E 5 Summary of geological processes and associated timeframes of freshwater biological evolution in south-eastern Australia, with a galaxiid example from New Zealand for comparison of the different geological settings. Timings of the biological divergences are based on geological dating McLaren et al., 2011) [Colour figure can be viewed at wileyonlinelibrary.com] somewhat less than the 10% cyt b divergence detected between New Zealand Galaxias paucispondylus and G. divergens (sister taxa that were vicariantly isolated by early-mid Pliocene tectonics, <5 mya; Craw et al., 2008;  Figure 5 ), they substantially exceed the 3% cyt b divergence between clades of G. gollumoides isolated in the midlate Pleistocene 0.3-0.5 mya Craw et al., 2008; Waters et al., 2001) . Based on these comparative molecular calibration data, the divergences between MDB and Glenelg-Wimmera clades are broadly consistent with late Pliocene isolation predicted by geological data (Figures 4 and 5; McLaren et al., 2011) .
This combination of geological and biological data, which represent complementary strands of evidence, provides "reciprocal illumination" (i.e. new insights derived from the combination of two fields that are essentially inter-dependent), together supporting the co-evolving history of south-eastern Australia's landscape and biota. Additionally, the preservation of detailed biological and geological evidence for ancient (Pliocene) drainage rearrangement in Australia contrasts with recent data from New Zealand where the landscape is evolving considerably more rapidly (Figure 4 ). Indeed, comparable drainage evolution events recently reconstructed in New Zealand's geologically dynamic South Island are mostly late Pleistocene in age (Burridge et al., 2006; Craw et al., 2008 Craw et al., , 2007 Waters et al., 2015 Waters et al., , 2001 Waters et al., , 2007 .
We suggest that the relatively stable tectonic and erosional setting of Australia has facilitated the remarkable preservation of detailed biological and geological evidence for an ancient, large-scale drainage shift.
In summary, the Pliocene tectonic history of south-eastern Australia has underpinned the evolution of a distinctive regional freshwater phylogeographic assemblage in SWV, including several locally endemic lineages that should be assigned high conservation value (Hammer et al., 2014) .
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